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ABSTRACT 

.Teaching and* Itsarning, especially in higher 
education, appear to consist of complex analytic and synthe 
processes which create concepts aitd relate them to one anot 
Sixteen model courses from the natural sciences, social sci 
the arts and humanities were examined to establish some gen 
characteristics of university course material and to unders 
perspective of the profes'sor teaching^ course material- Data 
gathered by research assistants attending cld.sses and froo 
"themselves. The following kinds of data were collected: nam 
relevant concepts: hierarchy of key concepts: definitions a 
cf common vsage; mode of representa-Uion: abstraction/concre 
inclusiveness: salience: word associations: tree structure: 
similarity grouping of all concepts: word associations, ove 
relate-d coefficients: and relatedness of meaning. Three cas 
of specific courses are presented to illustrate the data mo 
effectively- A list of eight implications of the study are 
fcr professors, curriculum developers, quality control expe 
university planners interested in imprcvincr student lea'rnin 
structures throuqh improved teaching techniques- . References 
appended- (DC) ^ • 



rehension: 
ng: • 
ods: 
t: 



tic 
her. 

ences, 'and 
eral 

tand the 

were 
professors 
ber of 
nd degree 
teness : 

rlap, 

e studies 

re • 

compiled 
rts, and 

g 

are 



♦**********♦*♦***********************><?'•'**♦♦**♦**♦* ♦*'f+ ****** *♦♦♦♦*♦♦*♦♦ 

♦ Reproductions supplied by EDRS are the best that can be made ♦ 

♦ from the oriainal document. * 

«4(4i« ♦*******♦*****.**********♦****♦♦***■**♦********************♦**♦♦♦♦♦♦♦ 



STRUCTURES OF KNOWLEDGE AND 
IMPLICATIONS FOR TEACHING 
Janet G. Donald 
McGill University 



■ PERMISSION TO REPRODUCE THIS ^t^^^^' 
MATERIAL HAS BEEN GRANTED BY ^ ^ ^ ^g,^«T^ENT^^^p^«E^ 



TO THE EDUCATIONAL RESOURCES po NO^Jf^^^^osSj;^^ 

INFORMATION CENTER (ERIC) " ,f ni pos-'-on o 



Report #6 
March, 1980 



\ 



/V5 S T RAC T 



i ■ 



Teaching and le^wrning especially in higher ed^,ucation 
appear to consist of complex analytic and synthetib processes 
.which create concepts and relate them to one another* An 
understanding of the nature of the concepts. in a course and 
tji^ir relationships should, then, suggest ways to improve 
teaching antf I'earning . The structures of knowledge of 

1 

sixteen courses ^ from different disciplines were analyzed 
to reveal similarities and differences among courses, 
and the most adequate and useful representation ,of these 
structures. The findings provoke hypotheses and implications 
about curriculum structure and student learning. 
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Preface 



The Standing Committee 'on Teaching was pleased to 
sponsor (in cooperation with the Education Research and 
Services Centre) a visit'Nio U*B,C* of Dr. Janet G- Donald ^ 
on March 6 and 7, 1980. Dr-. Donald, on leave from McGill 
University, consulted with '^ta^f , held a graduate seminar 
and a conversation hour with faculty and delivered a 
colloquium address which forms the body of this report • 

Consistent with the purposes of the Standing Committee 
and the Centr-e for the Improvement of Teaching (CITE) , Dr. 
Donald's paper is addressed to professors who are concerned 
with course improvement* In it sh'te reports the results so 
tar of an intensive study of cgnceptual knowledge as* it is 
structured in sixteen tiniversity courses in the humanities, 
social sciences, and natural sciences. Distinct quantitative 
differences in terms of number of concepts, and qualitative 
variations in concept structure were observed between 



ons ^or teachii 



courses and cdurse types. Implications ^or teaching 
improvement and for further study based upon these findings 
are drawn. 

We are pleased to present Dr, DonaliJ^ paper, a progress 
report on a large and important research project, in this 
format as the sixth CITE report. Dr. Donald delivered the 
third annual colloquium in the series begun exactly two. 
years ago by her McGill colleague Dr. Patricia A. Crantpn,- 
and continued in 1979 by Dr. Harry G. Murray of the 
University of Western Ontario. -The previous two colloquia 
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concerned teaching evaluation and are Reports #1 and 5 
in this series respectively* ^ 

The author and sponsors of this report invite 
comments , questions or remarks from recipient readers • 
Address these .to Dr. Donald at the Centre for Teaching 
aijd Learning Services at McGill University, Montreal, 

or ^ CITE^at the Faculty of Education, 

Vancouver^ B.C. Additional copies of this or other 
repojrts in the series are available from CITE upon 
request (enclose $2.00 Canadian for each copy desired 
to defray production and postage expenses) . 



Stephen F. Foster 
Vancouver, B.C. 



March, 1980 
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STRUCTURES OF KNOWLEDGE AND IMPLICATIONS FOR TEACHING 
^ • H Janet Gail Donald, Ph.D. > ^ 



A. 



There are some things in higher education about which 
we morfe or less agree. One of these is that the good 
teacher is someone who knows a great deal about his or her 
subject. • Ai^o^her ^xiom is th^t the good teacher knows how 
to get the material across. But our approach to teaching 
improvement seems curiously one-sided. We are very con- 
cerned aboat process, but consider the substance of educa- 
tional content sacred ground. This leads, in education 
faculties, to methods coilrses which dwell on instructional* 
strategies and, in teachingV improvement units in univer- 
sities, tp research^and pradtic'e which ■ concentrate on the 
presentation-rrr material. students sometimes remind 

us that attention to subject flfatter is important when they 
rate as good teachers those who show organization and con- 
ceptual clatity in their courses (Hildebrand, Wilson, and 
Dienst, 1971). To a student, what makes a good teacher is 
the ability to deal clearly with content and to analyze 
•and synthesize course material, the, very attributes that 
professors ask of their students. What this requites on 
the part of the professor is an overview of the content") 
structure of the subject matter. This should result in 
not only more satisfied students but greater success in 
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getting students to integrate ^nd- apply what they learn in 
a course- ' Error rates and confusion decrease when content 
representations and relations are clear. Another return 



for the professor who invests time ^^^^ intensive study 

ft 

of course conteri^t is the set of resulting suggestions for 
better sequencing and instructional methods* For the 

' professor who is teaching a coui?se where the major objec- 
"tive is the comprehension of a wide body of abstract ideas ^ 
focussing on course concepts and their relationships can 
- rovide insight into how and in what- order -^he content should 
be presented for optimum learning and' retent^ion. bne more 
reason for. looking at what we teach is in the interest of 
justice or fairness in the evaluation of student learning. 

) We all know of incidents in which grades' have been challenged 
or the entire' educa-tibnal institution has been attacked, 
and we continue to live with grade inflation. An vinder- 
standing of what is to be leafned in a course is the first 

• st&p to validating course grades. 

The purpose of my study was therefore to investigate 
the knowledge structure' of courses in various disciplines - 
in the university. The study was exploratory in nature 
and of a scope broad enough to uncover different structures 

• and to make comparisons among them. My mission was to es- 

* 

tablish some general characteristics of university course 
material and to understand the perspective of the professor 



respon 



sible for the course. This was done by electing 
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model courses in different^ disciplines . Each model course 
could be expected to exhibit the general characteristics 
of its discipline, although it would not necessarily be 
the most typical course.- Only an investigatis:>n o*f all 
the .courses given in a particular discipline would reveal 
the most typical. Choosijig a' course from each' discipline, 
however, provided the opportunity of discovering different 
epistemolo.gies and trends across disciplines. 

In planning the study, attention was also paid to tife ^ 
premise that each course and each discipline is not like 
any other. Prof essoifs' consider the- framework or organiza- 
tion of a course to be unique; it appears ^that each pro- 
fessor creates a particular paradigm within >diich the 
course material is assembled. Furthermore, the pafadigm 
appea"rs to be necessary for the professor to be .ab3^ to 
teach, in the same way that scientists require a paradigm 
to guide their research (Kuhn, 1970). The premise of 
uniqueness acts both as a caution to the research, in that 
it limits its potential generalizability , and as an hypothe- 
•sis to be tested or clarified. The major research question 
was, then, in what ways is the knowledge structure of 
different university courses alike, and in what ways is it 

different? ^ 

The history of research into th^ structure of knowledge 
has been one of many' paths! From Plato's attempt to define 
knowledge in the Th^aetetus (Edman, 1956) , to the work of 
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Bloom '(1956) , TuAving U972) and Rumelhart, Lindsay, and 
Norman (1072) , knowledge and its organization have a.t- 
tracted the interest of researchers from many fields. I 
will only briefly mention the major trains of investiga- 
tion. One of the-best known to curriculum developers is 
Bruner's (1960) emphasis 'on the" underlying principles 
that give structure to a subject, and should therefore deter- 
'inine the curriculum. In the spiral curriculum, these prin- 
ciples are presented in ever increasing depth and richness 
so that comprehension develops fully. In a similar vein, 
Schwab (1962) has emphasized the intricate, organization of 

V 

knowledge which constitutes subject matter s.tructure. 

- ■ , \ - 

Also -In the field of curriculum but approaching it as 

a philosopher, Phenix (1964) relates knowledge to mean-ing 
and man's search for meaning. For Phenix, different dis- 
ciplines prpvide different kinds of meaning and diff^ent 
✓ 

ways of testing its validity. 

Among psychologists wjjio have looked at knowledge, some 
have searched for a basic unit of learning while others • 
have approached the question at a broader level. At^the 
most molecular level are the associationists such as- 
Aristotle (1975) , who declared that knowledge was 
associated with the laws of contiguity, similarity, and 

contrast. From Aristotl^ and Mill (1829) to . Skinner (1957) 

I 

and Berlyne (1965), associationists have represented learning 
as a connection between a stimulus a response. This ■ 
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paradigm explains simple or 'rote learning phenomena but it 

cannot explain higher mental processes, although Berlyjie 

tried when he introduced mediating responses and trans- 
it 

formations to describe symbolic processes, in a neo- 



A more dynamic approach to knowledge had^ been takerv 



ERIC 



assooiationist froiinework* . . 

by Tolman (1932) , who introduced the term "cognitive map" 

4 

, to describe the means-end relatibnships by which a gc^l 

i * ' I" 

could bp obtained. Bruner's (1956) Study of I'hinking was 

based on this idea but he developed it to encompass- str ate- 
gies for organizing experience by categorizing" it into con- 
cepts. A concept is an identifying response to members of 
a set of not completely identical stimuli (Hunt, 1962)^ 
Concepts exist at various levels of generality and abstrac- 
" ^ tioiji and may be simple or complex*^ A concept may be a 

class or a category, and it exists within "a^larger frame- 
work which may take the form of a structure-, sgript , or 
larger Category- A concept is not considered to occupy 
discrete space but rathe'r has a center of density of meaning 

» « 

(Deese, 1965). Concepts . can , however, be represented as 
discrete entities, as nodes or clusters of information 
(Rumelhart, Lindsay, and Norman, 1972). 

Concepts ehter into diverse relationships with other 
concepts. The most frequent kind of relationship is one. 
of similarity or likeness, accC>rding to Kintsch (1972), but; 
■ subset^ or consequence are two other f requej^tly found ^ 

io 
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relationships. For the purposes of this study, a tajionomy 

of relationships was developed to cover two broad sets of 

* > 

relationships. Similarity relationships included simple, 
•functional and class, while a second -set of dependericy or 
assymetric relati.onships covet?ed prdcedures and ^gical and 
empirical causation « To represent relatipnships , lines or 
links were established between related Gohcepts,v So that 
cognitive structures could be built up o.f nodes and links 
in a network . • ' 

At the most molar level of representing knowledge, ^ 
contributing rese4^!?ohers have included Guilford (19^7) for ' 
his structure ibf intellect, Chomsky (1965), with his "-deep^ . 
structuring" process to account for. meaning in linguistics, 
anA Herbart (in Murphy, 1949), who introduced the term 
"appercepiive mass" to mean the organized totality ,of pa^ 
' experiences in the human mind. Today we call' "apperceptive 
mass" cognitive structure, defined by Ausubel (1968) as the* 
substantive content. and major organizational properties of 
a structure of knowledge. Cognitive structure is the 
product of previous learning and the-basis for new learning. 
To represent cognitive structures, schemata or frameworks 
such &s tree structures or networks have been used. In this 
study, the approach was to discriminate the principal con- 
cepts in a course and their relationships and then to 
represent these relationships schematically, while attempting 
*to .find the most adequate and useful representation for the 
professor. 

11 
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^ Domain of investigation 

Sixteen courses from different disciplinary areas were 
analyzed to determina the cognitive structure of the pro- 
fessors teaching them. The five courses from the natural, 
sciences included modej-s from physics chemistry , biology, 
entomology, and geology (see Table 1). Seven cours.es. from 
the social sciences and related disciplines were chosen. 
Three of these were courses in psychology, sociology, and 
politicals science, and the remaining four were applied or 
professional courses in educational psychology, social 
work, law, and educational evaluation. The four art& or 
humanities courses analyzed were in history, English, 
classics, and philosophy. A lanEfuage course was investi- 
gated but ttie concepts taught in the course could not be 
determined from the course materials and so could not be 
.included in this study. Of the 16 courses fully -inves- 
tigated, 9 were 2*00 level courses, that is, gourses de- 
signed for- the entering McGill student who has had two) 
previous years of college. Four courses, two in science 
and two in social science, were 300 or junior level, the 
geology course was 400 or senior level, and two courses, 
those in law a'nd educational^ evaluation, were graduate 

level courses, 
i 

The professors who agreed to have their courses 

analyzed and who contributed much time and .ef f ortr to the 



Discipline 



'table !• ^ 
COURSES ANALYZED 

Course Title 



Course Number 



Physics . 

* 

Chemistry . 
•Biology 

Entomology 
Geology 
Psychology 
Sociology 

i 

Political 
science 

Education- 
al 

psychology 
SociaJt- work 
Law 

Educational 
psychology 

History 

English 

Classics 

Philosophy 



The physics and psyohophysics 
of iT\tfsic V 

Physical chemistry 

Laboratory in cell and molecular 
bio logy 

General entomology 

Sedimentary rock and stratigraphy 

Thinking ^ 

Devianqe and social control 

The governftient of Canada 

The development of personality and 
social behavior in the school-age 
child ■ ' • ^ 

The public social services in Canada 

Torts ■ %' ■ 

Education evaluation: theory and 
practice -' 'V \ 

^The United States since 1865 
-Introduction to Shakespeare 
Introduction to Greek mythology 
Introduction to moral philosophy 



224 

t 

213 
301 

• 

330 

442 

303 

227* 

2.21 

208 

352 
179 
617 

221 
215 
203 
230 



study, wefe invited to participate primarily because of 
their interest and expertise in university teaching. .They 
had received high student ratings, had previously participated* 
in detailed course evaluaticJn or course improvement projects, 
or had expressed interest in understaJndi^ more about 

■ ' f ■ ■ i 

cpgniti-Ve structure. The courses had been taught for at > 

least two years befo^re tjiey were analyzed, and in some cases 

had been taught for over ten years. Most of the courses had 

been developed by the professors teaching them. The nun\ber 

of students in each course ranged from forty to over two 

f 

hundred, although in the upper level courses there tended 

V 

to be fewer students. All of the courses analyzed were given 
during the academic year 1978^79 at McGill University • 

Procedure 

- As this was -an exploratojry study, it was entered into 
with two guiding principl^es. First, as much as possible, 
we wanted to understand the perspective of the professor, 
and to truly represent the structure of the course as he 
or she saw it. This meant that the professor's comments ^ 
and reactions to the data collection procedures were con- 
sider'ed, and that the professor was accepted as expert in 
the subject matter atea. Emphasis was put on accurately 
depictirig the cognitive structure 6f the professor. Second, 
in attempting to .depict the course as comprehensively and 
*as 'Accurately as^possible, a series of methods of analyzing 
cognitive structure were employed. In a pilot ''stu(^y on 
courses from three different* disciplines , a variety of 



' ' ' 10 



measures were taken *to determine which would provide the 
most. accurate, comprehensive, and useful results to the ^ 
professor and for the' study for comparative purposes. -All 
- of the measures yielded a form of useful p-nformation and 
• each measure taken added to the information about the I 

) 

course as well as confirming the structjiye or pointing 
but possible problem area(s in the coherence or connected- 
ness -of the course- The series of measures taken provided 
a firmer basis for describing each course and "for making 

hypotheses about the similarities and differences among 

* 

courses • 

The general method for analyzing each course was to 
have a series of interviews with the professor in which 
'different measures were obtained. Work on each course 
extended over a period of from three months to an entire 
academic year. During the period, a research assistant 
worked with the professor, made a detailed examination of 
all course materials, and attended a class to gain under- 
standing of the way' in which the course was taught and the 
kinds of students enrolled in the course. When all of ^the 
data on the course was collected and analyzed, a report 
describing the .findings .was produced. The research team, 
consisting of the principal investigator, the research 
assistant, and the professor then reviewed the report to 
determine the most important or useful f^-ndings to the 
professor and the implications of the report. 



15 



ERIC 



The data collected on each course included information 
about. concepts in. the course and on th^ relationships among 
key concepts, as well as a course description and the pro- 
fessor's statements about the themes and goals of .the 
course, how the course, was organized, and what it was 
most essential for students to learn in th$ course. The 
following kinds of data were collected: 
' Data on key concepts ' 

1 Number ^of relevant concepts , important concepts, and 

\. 

key concepts ■ ■ 

• - 

2. Hierarchy of key concepts - - , . 

3. Key^ concept definitions, degree of cdit«n6n usage, com-j 
parison with dictionary cle^initioiwf i^equency of 

. occurrence . ^ ^ 

4. Mode of representation in the course 

5^ Abstrac^ion/concreteness - - ' 

6. IncluSiveness 

7. Salience 

8. Word associations, raeaningf ulness 

Data on relationships cfaong key concepts 

1. Tree structure 

2. Kinds of relationships between pairs of Key concepts 
yO. Similarity grouping of all concepts and of key concepts 

4. Word associations, overlap ,- relatedness coefficients 

5. Relatedness of meaning, strengthN of relationship, 
visual representation of relsationship structure 
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Results -y ' J 

s. 

To describe the results I will use three model courses 

* 

one from science, one from social science, and the third 
from humanities so that I can portray the intricacies of 
eaph course while relating it to the general findings about) 
all sixteen courses. The three courses had all received 
high student ratings. 

The jJhysics and psychophysids of music 

This introductory course was offered by the physics 
department and served the music program as a core course 
^s well.aS physics majors and psychology and physiology 
Students as an optional course. The course was taught by 
means of lectures, demonstrations,- and practical exercises. 
Demonstrations were given before any abstract or symbolicf 
bresentation in order to develop a context for the explana- 
tions of the course. The professor considered that what 
it was most essential for students to learn in the course 
were perspectives on the whol6 field of the interrelation- 
ships of physics and psychophysics . 

To obtain the potentially impmrtant or relevant con- 
cepts in the course, the prof essorS^ prepared lecture 
notes, which wete available to the students, course refer- 
ences, and tests and examinations were scoured, and any 
headings, titles, and frequently mentioned terms were 
collected with all those appearing t^o serve a main or 



linking purpose in the course. From these terms the pro- 
fessor selected 123 concepts which he considered to be 
relevant to the course, and from these, he chose 59 wJjicii 
had a main or linking function in the course. Because we 
could only work with a maximum of from 15 to ^0 concepts^ 
ill the course representation, he was asked to choose the ^ 
most important 15. He then arranged them hierarchically 
in order of importance in the course. This hierarcjuy of 
importance served as a standard of comparison for other 
measures of the key concepts such as degree of inclusive- 
ness. The number of rele-vant concepts chosen in this 
course was substantially greater than the overall mean. 4 
of 99 for all 16 courses analyzed, and the number of im- 
portant' concepts was twice the average number chosen 
(see Table 2)* Just ov^r _half the terms were technical, 
that is, they had a particular meaning different from an 
everyday dictionary defj.ni.tion, although the percentage 
qf technical terms was lower than that " for all science 
courses (83%). In addition, their familiarity rating, / 
that is, the number of tiities the key concept^ could be 
expected to be found in one million wortis , according to 
the Kucera-Francis (1967) study of present day American 
Engljish, was half that of the mean for all qourses and 
on a par. with other science courses. . These findings 

suggest that students entetfing this course will h a;e a 

> 

substantial amount of new vocabulary to learrt, more than 



18 



■ 14 

TABLE 2 

CHARACTERiSTICS OF KEY CONCEPTS IN MODEL COURSES 



Physics Ed Psych English 
Course Course Course 



Overall 

Mean (16 Courses) 



Number of Relevant 
Concepts 

Number of Important ^ 
Concepts 

Percentage Technical > 
Key Concepts 

Percentfage Technical 
Key Concepts ,for 
Subgroup \ ( 

\ 

Mean -Key Concept 
Farttiliarity (per. million) 
■ (Kucera-Francis Rating) 

Most Frequent Mode . of 
^ Representation 

/ 

Percentage Key Concepts 
•:^stract 

Percentage Key Concepts 
Abstract for Subgroup 

Mean Inclusiveneas of~^ 
Key Concepts 

Mean Salience of 
Key Concepts 

Mean Number of Word 
Associations to 
Key Concepts 

Number of Links in 
Tree Structure 

Perceht^e Similarity 
Relation^ips Between 
Key Concepts 

Percentagi Similarity 
Relationships for 
Subgroup 



123 
59 
53 

' 83 

22 



98 
29 
54 

63 

10 



EnactLve Symbolic 

I 

\ 



34 



44 



3.4 



2.1 



7.1 



20 



30 



50 



100 
90 ■ 
3.. 8 

•V, 

3.1 

f 

12.7 

15 

67 
54 



•58 
^20 

54 

33 

■ 

79 

Enactive 
'3i 



70 



4.0 



2.9 



13 



54 



77 



1 



99 
30 
62 



44 

Symbolic 
71 



3.8 

2. 8 

8.3 

16 

54 



19 
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in the averag$ university course, but slightly less than 

in science courses as a group. 

The way t^hat concepts were presented ^n this course 

was unusual, both compared to other science courses and 

to courses in general* A^lmost half were presented en- 

I 

actively, that is, so that students -could manipulate the 
actual objects or events involved. Over one-quarter we'te 
presented iconicly, that is, with some graphic or image- 
base^ representation. A very small percentage (7%) were 
presented symbolically , by means of language or some other 
symbol system. This' is in marked contrast with the majority 
of courses studied which relied primarily upon symbolic 
representation. Sci5hce courses on the whole tended to use 
more enactive and ibonic representation than social science 
and humanities course^. The percentage of concrete con- 
ce'pts, or those with concrete or perceptual referents ^^-as 
cpmpared with abstract cpncepts, those without objective 
referents^ w&s also unusually h^gh. Two-thirds of the 
physics- key .concepts were concrete, in contrast with the 
general finding of two^thirds abstract. The use of en-- 
active and iconic representation in this course and the 
relatively high percentage of concrete concepts suggest 
that students would be employing different modes or styles 
of learning in this course and that comprehensibility and 
subsequent retention would be greater because of the con- 
Crete concepts (O'Neill and Paivio, 1978). 
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The next measure's tha^ were taken were professor 
ratings of the inclusiveness and salience oy the key con- ^ 
cepts. Inclusiveness is the degree to which a concept 
includes other concepts and is therefore' a measure of the * 
e?cp"ected ability to link* or organize other concepts. 
Courses were more alike, in cciicept inclusiveness than for 
any other measure. Using a scale from 1 for "non- 
^:^nclusion of other course concepts" to 7 for "inciusion 
of all other course concepts," the average inclusiveness 
'across coursed was 3.8, just ui^der "inclusion of half the 
- concepts." 'The physics course was slightly below the 

average with 3.4. It could be expected that more impor- 

... J 
tant course concepts would be more inclusive, an'a a 

■ SpeaJian rank .order correlation of +.46 (pZ.Cf5). was found . • 

between concept, importance and inclusiveness in this - course . 

• ♦ The saliencB or vividness or cons^ciicpousness of the 

key concepts .was e^camined because recall of learning has ^ 

been found tJ be greater when more vivid language is used 

(Montague and Carter, 1973). It appears that the intensity 

" orTi^onspicuousness of a word .affects its ability to serve 

as a cuin(j or centering device. On a scale from 1 (not 

vivid) to 4 (extremely, vivid) , the physics key Concepts 

received^a relatpely^ low mean rating of 2.1 compared to 

a 2.8. rating for courses overall. The most important 

concept in the course was also considered to be the most 

vivid," but salience and concept -importance did riot correlate. 

t « 

•• . 2i ■ ■ ■ . . 
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One other measure of the potential linking ability of 
key concepts was taken: a word association ^est showed 
that the physics key concept's evoked on average a slight- 
ly lower number of words (7..1) compared with all courses 
(8.3). This would sugges"t that concepts in this course 
are either less evocative to the professor or perhaps 
more independent. In summary; the most striking gharac- 
teristics of the physics course concepts were the large, 
number of impoirt-afit concepts, the lise of the enactive mode 
of* representation, -and the large percentage of concrete 
concepts in the course • 

To'^study the relationships between course concepts- 
five different methods weVe used. ^ Each method provided a 
different perspecti^/e "of tV. structure of the course con- 
cepts and allowed f6r confirmation of the conceptual - 
structure. In the first metho4,,, the pr(^essor linked the 
two most closely related key- concepts, then related the 
other key concepts in order of their closeness of relation 
ship to other concepts already .linked. This produced a 
tree structure which described the dominant relationships 
in the course (see Figure 1) . *The physiqs course showed 
a hierarchical form, with the most important concept at 
the upper center of the, figure and the concepts ranging 
in four tiers below. This structure was highly consistent 
with the hierarchy of key concepts with certai^ key con- 
cepts and pairs of concepts dominant over others. The 
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figure also showed a tight . content structure: several key* 
concepts had multiple links. 

This was a typical tree structure form for a science 
course to take. Over all the courses studied, three 
different forms could be distinguished:\^-hierarchical; 
clustering or weblike', with pivot concepts ,s;arrounded by , 
others? and Ixnekx , where a series of straigjit lines linked 
the concepts. All science courses showed hierarchies, 
while two had clusters in addition and two also showed 
som^ linear form. In compairison, social science courses 
showed clusters or networks, sometimes including -sets of 

« 

concepts together; and humanities courses tended to be 
linear in form, sometimes forming blocks and clusters as 
well. Overall, there werfe 7 hierarchies, 5 of them in 
the 5 science courses; there were 9 clusters or sets, 6 of 
them in the 7 social science^ courses;^ and 7 courses showed 
linearity, including the 4 humanities courses. 

The professor next was asked to describe the relation- 
sh^ between each pair of key concepts linked in • the tree 
structuire. The relationships were classified according to 
the tax(^nomy of relationship?. Similarity relationships 
could be one of three kinds: associative relationships were 
those in which concepts were contiguous or descriptive of 
each ot^er; functional relationships were those where con- 
cepts had a similar outcome or purpose; and structts^al 
relationships showed a taxonomic or hierarchical relationship 

24 
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such as subset, inclusion, or kind or part. • Dependency 
relationships were those ,in which a change in one concept 
implied a corresponding change in the other. Three kinds 
of dependency reTationships were (distinguished: procedural 
relationships described steps, order, or sequence; logical 
relationships^were those wjiere concepts had a logical or 
•conditional order; causal relationships showed an explicit 
cause and effect linking. Across the 16 courses studied, 
just over half the relationships (54%) were similarity,* . 
and 41% weire structural. The next most often found 
relationship was logical (18%) and 10% were procedural 
while 12% were causal. In the physics course, a far 
greater proportion of the relationships were causal (40%) 
or procedura'l (25%), and only ^30% of the relationships 
were similarity based. This finding confirms the supposi- 
tion that physics is highly causally based compared to 
other disciplines. It also suggests that the concepts 
are more tightly or necessarily linked in this course than 
in most others. 

Another measure of the relationships ^ong concepts 
is how they were grouped into categories on the basis of 
their similarity. This was done both for all the relevant 
course concepts and among the key concepts, and the groups 
were then listed ^hierarchically . The groupings suggested 
fundamental divisions among concepts which could serve as 
topic headings or a checklist for particular areas of 
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student strength or weakness in the course. In the pl;iysics 
course 123 concepts were grouped into 7 categories , 5 of 
which contained 1 to 5 key concepts, so the key concepts 
vere relatively broadly distrilDuted among, the course 
categories. There was relative consistency between the 
similarity group hierarchy and the key concept hierarchy: 
the most important'^10 key concepts ws-re found in the 
first three groups. The professor considered the key 
concepts to be too dissimilar to be grouped in similarity 

categories among themselves, but this was consistent with 

J ^ 

the* finding that the relationships among the key concepts 

were not based on similarity but on causal or pr^ocedural 
relationships .J *• 

Word associ<tf4-ons had been done for each key concept. 

if 

Those concepts linked in the tree structure were then ; 
compared for overlap of meaning. In a method developed 
by Garskof . and Houston (1963) , a relatedness coefficient, 
which is the ratio of the overlap of associations between 
two key concepts to the maximum possible overlap, was 
produced for each tree structure link. The relatedness 
coefficients in the physics course were second highest 
of all the courses only to the chemistry course concepts, 

♦ 

which suggests a high level of association of meaning in 
spite of their not being considered similar or alike. This 
finding also coincides with the dependent or causal nature 
of their interrelationships. 
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The last measure^ of relationship was a rating of 
relatedness of meaning between each pair of key concepts. 

t 

A matrix of these relationships was created and used to 
produce first, a strength of . relationship score for each 
key concept and second, a graphic representation of re- 
latedness of meaning according to Waern's (1972) graphing 
procedure. This ma^^x will be used as a basis of com- 
parison for student estimates in the planned second stage 

^' /of this research. . . • 

The physics, course thus showed most of the markings 
of science courses, with a greater number of concepts, more 
concrete concepts presented enactively and iconicly, and 
relationships among them that were -hierarchical but pro- . 4 

cedurally or causally based for the most part. This sug- 
gests a. tight and necessarily related structure with a 
high degree of consistency. 

The development of personality and social behavioi^n the 

scl^ool-aqe. child 

* - 

This applied social science course offered by the 
department of educational psychology was designed for 
students in the elementary education program including 
physical education majors. It included students from 
psychology/ social work, management, and arts and science 
■ programs. Lectured, extensive use of readings and films, 
t and an applied case study constituted the instructional 

format. Most essential for students to learn in this 
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course were concepts and perspectives on children and 
procedures. Ninety-eight relevant course concepts were 
uncovered and 29 of these were considered particularly 
important/ making this course the closest to the overall 
norm in the number of concepts. Just over half the key 
concepts were technical In nature and because the key 

« 

concepts for the most part (62%) were noun phrases such 
as "cognitive developmental theory," they were the second 
least familiar according to the Kucfera-Francis rating of 
pre'sent day English. All key concepts were abstract, 
compared to 90% abstract for the 7 social science courses 
and 71% for all 16 courses.' A great variety of modes of 
representation, however; were used in the course, with 
one-quarter of the key concepts being presented in all 
three modes and an additional 39% being presented in both 
enactive and symbolic or iconic and symbolic modes. The 
use of films and case sAidies can be seen to have an effect 
here. Salience ratings and the number of word associations 
to each key concept were above the norm. Inclusiven^ss 
was average and the correlation between key concept impor- 
tance and inclusiveness was positive but not significant 
(p = .43) . 

The tree structure showed a network or cluster of 
relationships located around the concept "socialization" 
(see Figure 2). This was a particularly clear network, 
. taking into account three theoretical perspectives on the 
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socialization of the child* The number of tree structure 
links exceeded the overall norm, suggesting that the course 
was relatively highly / structured^ and the second "most 
structured of the social science courses.* Two-thirds of 
the relationships between key concepts were structural- 
similarity relationships, which. was a higher percentage 
than the norm for social science courses and all courses 
(54%) . These relationships showed one key concept to be 
a part or subset of another: - for example, "defense 
mechanisms" were part of "a psychoanalytic approach." The 
similarity grouping showed 11 categories, 10 of which were 
headed by a key /concept. This suggests not only a clear 
course structure but also that the key concepts would 
serve as particularly good advance organizers for other 
course concepts. When the key concepts were grouped among 
themselves then ranked hierarchically, the resulting nine 
categories closely resembled the hierarchy of importance. • 
The fact that so many categories were used for the 13 key 
concepts would suggest that the key concepts are not that 
closely related in meaning, and the word - association and 
relatedness of meaning ratings bo.re witness to that. The 
highest relatedness coefficient was only .397, compared tp 
.911 in the physics course, and the 'mean strength of 
relationship' w^ third lowest for social science courses. 

This educational psychology course showed the major 
trends in social science courses, with an average number 

e 
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of abstract concepts,, greater use of the symbolic mode of 
representation, although this particular course was. noted 
for its use of a variety of modes, and the existence of 

. - m . 

\ 

clustering in the tree structure. The majority of rela- 
tionships were not as close as in science courses. Students 
taking this course would have a different kind of learning 
task from those taking the physics course-. 

Introduction to Shakespeare . ^ • 

This introductory course was offered by the English 
department to students in any program and the majority of 
those enrolled were first year undergraduates with a 
higher percentage not English majors. The main goals of 
the course were to make students approach dramatic text 
and the ways of dealing with such texts, as well as the 
use of performance as a learning technique. The course 
was taught by means of lectures, group work in the class- 
room, an^ practical skill development in theatre settings. , 
Fifty-eight relevant course concepts were recorded and 20 
of these v)ere considered important, which was the norm for 
humanities courses. Just over half the concepts in this 
course had technical definitions, which made this course 
different irom the norm for humanities courses of only 
one-third technical terms. The key concepts were much more 
familiar than the norm for all courses according to the 
Kucera-Francis rating. Humanities courses in general 



employed much more familiar key concepts than the other • 
areas. This coiTrse differed in the mode of presentation 

from othex..JbLu.mariiti.e.s _CQurs_$s .by..liavj.ng .77^ en active ..key 

concepts compared to 100% symbolic representation in the 
others. As might be expected in a course where the first 
jboncept was "performance/* over two-thirds of the key 
concepts were concrete in contrast to the other humani- 
ties courses in which 70% were abstract. Inclusiveness 
and salience were normal for a humanities course and no 
word association test was done for this course • The number 
of word associations was^ however, lower for humanitlfes 
course concepts than for science or social science concepts 
A contingency coefficient between key concept importance 
and inclusiveness was significant (c = •64, p^j.QS) , 
showing hierarchical consistency. ' 

The tree structure was a rhomboid with a tail, dis- 
playing a closed linear formation (see Figure 3) . Each 
side represented eJ-ther the language or the action of the 
course content, and the third side represented the form of 

the course. While the proportion of siifiilarity relation- 
ft . / 

ships between key concepts matched the overall norm of | 
54%, this was much lower than for humanities courses in 
general which tended to have three-quarters similarity 
relationships. A far greater proportion of humanities 
courses displayed associative and functional similarity 
relationships than did other are&s and the most closely 
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related two concepts in the English course had a functional 
relationship.. The similarity grouping resulted in five 
categories, one of which depicted the process and end- 
product of the course, while the remaining four groups 
were some aspect of theatre. The groups corresponded in 
order wit'h ^hat in" the tree structure. The similarity 
grouping of key concepts was consistent with the larger 
similarity grouping^ beginning with a breakdown into form 
and content as before. 

* This* humanities course was representative in the num- 
ber and familiarity of concepts and in its linear tree 
stri^cture but a great amount of variation among humanities 
courses was found. The history course appeared more like. 
a' social science course in the r^umber of concepts, their 
familiarity, and the clusters in its tree structure. The 
philosophy and classics courses were unusual in their low 
number of relevant key concepts / one-third the mean at 
33 and 34 respectively, although an auxiliary 2300 concepts, 
existed in the classics course. In the philosophy course, 
all key concepts were highe^r order abstract and were 
astounding ly familiar, occurring an average of 298 times 
per million compared to the overall average of 44 times 
per milli^. The philosophy and classics cou^rses consisted 
of key concepts which related on the -basis of similarity 
©ixyjlusively , as did only one other course of the 16, the 
psychology of thinking. Thus each course had its own 

) 
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pattern, although trends could^ be seen across courses and 
group similarities could be identified. 

Similarities and differences in the knowledge structure of 
different courses ^ ' . \ 

There were fewer similarities than differences among 
the courses studied but some of -the most obvious regul^ri- 
ties were, to me, the- most profound. First, in all the 
courses studied but one, key concepts could be identified 
and considered for their relevance and importance in the 
course. In the one course studied where this was not » 
possible, a French language course, the concepts, which 
were rules of grammar, were not presented in a formal 
manner and would pnly have revealed themselves to someone 
taking the course itself. Althoilgh some professors pre- 
ferred to call the principle' ideas in their courses "terms 
or "principles," it was possible to work with, the concept 
of "course concepts" with minimal discomfort. Further 
study of the course concepts will undoubtedly lead to 
refinements in thinkings about them, but a working approach 
to studying a course by means of its concepts exists. 

Second, it was possible to identify characteristics 
of the concepts, and to rate the^p in terihs of their 
technicality, familiarity, mode of representation, ab- 
straction, inclusiveness, and salience. Some of these 
measurements are more precise than others : the measures 
of familiarity, and abstraction are the most reliable. 

33 
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Other-measures, such as salience, would benefit from test . 
standardization and. analysis procedures, but the professors , 
were able to work with these measures. 

f 
t 

The third point of similarity that I would make* 
about the knowledge structures of different courses is' 
that they are not readily evident. Although the professors 
who took part in the project were expeirts and, indeed, 
initiators and developers of these courses, the methods ^ 
used in this' study requireZ-their intensive concentrations 
whether it was a matter of stating the relationships be- 
tween p«^rs of key concepts or grouping course concepts J 
into categories, considerable effort was involved. The 
most frequent response to the quesfTon of whether any 
particular method was more useful than another, it should 
be remarked, was that the process itself was enlightening. 
The project was seen as one of conceptual and structural 

• clafificafcJLon. 

The differences among courses began with the selec- 
tion of relevant course concepts and extended to the kinds 
^ of relationships found between key concepts and the manner 
in which these concepts could be graphically represented. 
The first difference was in the number of relevant concepts. 
The range went from 33 to 170«^concepts for a one semester 
course. The average ranged from„134 in science courses 
through 98 for social science courses to 57 for humanities 
courses. The ranges of important or linking concepts in ' \ 
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a course parelleled these figures with 37 in science courses, 
31 in social science courses, and 21 in hii^anitiies courses. 
Approximately 30% of the relevant coujrse concepts were 
considered important. The difference in the percentage of 
technica;^ terns followed the 'same pattern showing that in 
science courses more terms specific to the discipline are 
used, with 83% technical, and with 6 3% technical in t^e 
social sciences compared ^ith a 33% technical average among 
humanities courses. It is no wonder that science professors 
are accused of using j^gon by humanities "professoj^s : the 
different groups of disciplines haVe very different perspectives 
oh the use of terminology- The Kucera-Francis^ratings of 
familiarity cWfirm this difference, particularly jDetween 
humanities courses and those in science and social science: 
the average familiarity rating of a humanities c6urse concept 
was an occurrence of 113 times in a million, whj^le in science' 
and social science courses, the typical key concept would 
occur only 21 or 22 times per \nillion in present day language • 
The different groups of disciplines have, therefore, very 
different types of vocabularies to deal with. 

The greatest difference in the quality of course 
concepts lay in the degree of abstraction of the concepts. 
^ The key concepts studied in the courses appeared to be 

very similar in terms of their inclusiveness , salience, 
and number of wo'rd associations, although there were 
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exceptional ccSurses with respect to each of these qualities 
It was in concept abstractne^s that the greatest differ- 



ences appeared. The' science courses studied overall had 
a mean of 58% concrete concepts, that is, concepts with an 
objective or perceptual referent. Social Science courses 
were almost exclusively abstract with a 9.0% average over- 
all and any other concepts were concrete functional m ^ 
nature, that is, a process or event^ rather than a con- 
crete object. The humanities courses registered 70% 
abstract concepts wi"^ the philosophy course having only 
higher order abstract cbncepts. • The '^dif f erent kinds Of 
course^, therefore, require different kinds of thought 
processes, with social science and philosophy courses m 
particular requiring the ability to think abstractly. 
Reviewing these results, social .scientists should be most 
alarmed by the results of scholastic aptitudg tests which 
show that today's students ^have on average a substantially 
decreased ability to handle abstract concepts - 

The mode of representation of key concepts, which 
brought an instructional element into this analysis, also 
confirmed the dependency upon symbolic representation and 
processing in the social sciences and humanities, with the 
exception of the English course which used much enactive 
representation. The law and educational psychology courses 
also used iconic and enactive representation to present 
the key concepts, but eight courses relied exclusively on 
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the symbf^lic mode* In the science courses the distribu-- 



txon was qiiit.e different with a mixture of modes in every 
course. Students could be expected to require greater^ 
flexibility in their learning styles in science courses 
but would also have the support of multi-modal presentation, 

The graphic representations turned up major differ- 
• enpes in how concepts were related to each other in the 
courses* All oj^ the science courses showed some hierar- 
chical organization, which means that there^s a necessary 
and dependent relationship among the key Concepts. The 
highest relatedness' coefficients were found in the science 
course'te as well, confirming the tendelicy in science courses 
for ciear and close relations among concepts. The social 
sciences in contrast showed lower relatedness coefficients 
and clusters or sets in the graphic representations. This 
suggests that a few key concepts are pivotal in the under- 
standing of course material. Humanities courses showed a 
looser, more linear organization with even lower related- 
ness coefficients so that students Would not have the 
opportuni^ty to chunk or group infonnation in the same way 
that could be expected in a social science course. 

• The kinds of relationships between key concepts 
revealed further major differences in disciplinary sub- 
groups* The tight structure of science courses was 
reflected in the relatively high proportion of dependency 
relaticpnships , whether procedural, logical, or causal. > 
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The social science course s sh owed a greater ^eliancse on 



structural relationships based on similarity, and in 
humanities courses, the dominant similarity relationships 
' included a higher proportion of the looser associative 
and functional relationships. The relationships between 
key concepts must be important determinants of the learning 
and therefore the teaching processes involved with them. * 
One c^ould hypothesize, for example, that where concepts 

are c\osely linked in a structure^ learning will more 

\ 

likely follow an* "all-or-none" pattern, with students 
learning or not learning the subject matter. In a more 
loosely structured course, however, some parts may be 
learned well while others are not. This may explain 
different continuation patterns in the sciences "and in 
humanities and social science programs. The findings of 
this study" suggest that we are requiring very different 
abilities and strategies on the part of our students in 
different courses. Some of these abilities appe.^r to be 
programmable, that*ts , students can be alerted to specific 
ways of approaching a course with a heavy technical 
vocabulary or one which uses familiar words in a novel 
and potentially confusing way. J.f certain key concepts 
serve central or pivotal- functions in a concept heavy 
course, these can be introduced as advance organizers or 
themes in a course so that they can serve as the foundation 
for the student's conceptual structure in the course. . 
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Where a course is known to be difficult because of the 
kinds of concepts and strategies employed in it, students 

« 

can be made aware of the extra aj^ention such a course 
will require. for example, we were asked to examine the 
physical chemistry course because it is the one chemistry 
students find most^dif f icult . Our analysis revealed that • 
not only did it contain an extra heavy load of concepts 
but that these were familiar concepts used in a new and 
different way, and tfiat a high proportion (85%) were ab- 
stract. What was more startling about t/his course, however, 
was that almost three-quarters of the" relationships between 
the course concepts were similarity rather than dependency 
based. To a chemistry student, whose expectations would 
include observable and manipulable concepts with procedural 
and causal relationships, this course would present a 
foreign experience.' A cc4rse introduction which prepared 
students for the different kinds of relationships and 
learning strategies required in the course might alleviate 
learning difficulties in it. 

Implications 

The results of this study have implications at three 
lifferent levels. There are immediate implications for 
5he professor >elannij>er'a''course. There are particular 
implications for departments in their curriculum develop- 
ment and quality control, and there are findings more_ 
generally relevant to university planning. 
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To the professor, consideration of the ^jcey^ concepts 
and the;Lr relations in a course can provide information 
about how to structure a course, where to concentrate 
attention to alleviate learning difficulties, and how to 
fairly judge student achievement in the course, ^^^e sug- 
gestions made to professors in the reports on the content 
analysis of their course included the following: 
^ .li The use of the list of key concepts to test for 
background knowledgej^ entering students. Students could 
be, asked to define the key concepts an^ their replies could 
be analyzed to reveal areas of knowledge, cohfusion, and 
lack of knowledge- Class homogeneity in background could ^ 
also be established by. this method. Where the background- 
knowledge is low and the course is relatively tightly 
structured and dependent upon knowledge of these terms, 
the definitions of the course concepts could be provided 
to students as a glossary for their early attention. In 
one course where the list of key concepts was used as a 
pretest, students were able to define the terms with every- 
day meanings, but were not able to define those with tech- 
nical meanings. Testing and provision of a glossary would 
be of particular importance Where a sizable proportion of 
key concepts are technical. Where students register a . 
lack of knowledge of certain key concepts, particular 
attention could be paid during instruction to the presenta- 
tion of positive and- negative instances of the conce^its and 
to the discrimination of instances and attributes or 
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characteristics of the concepts* 



2. The use of image arousing mater xja Is. xa^ instructions 
to aid student learning and retention* In* one-half the 
courses studied the key concepts were represented exclu-- 
sively in the symbolic mode. But where students are in- 

i. 

structed to generate visual images for words and then 
create an interactive scenes with images , memory of the 
words is facilitated (Kerst, 1976). Concrete and imageable 
materials are easier to remember than abstract materials 
(Levin, 1976; Rohwer, 1970). The explanation for this 
phenomenon is that there appears to be a direct path for 
concrete words from verbal to imaginal representations, 
while the path is indirect for abstract nouns (Paivio, 
1975) . Paivio argues that perhaps abstract ideas can "be 
concretized in specific images. 

3. The use of highly inclusive key concepts, which 
could be expected to have the ability to link or organize 
other course concepts, as advance organizers in the course. 
Their purpose would be to establish in the learner's 
cognitive structure reldVant anchoring ideas for learning 
material subsequently presented (Ausubel_| 1968) . A 
hierarchical series of advance organizers could be expected 
to provide an ideational scaffolding, to enhance the^ dis- 
criminability of new learning material from previously 
related * ideas , and to effect' incorporation into the stu- 
dents' cognitive structure at a higher level of abstraction. 



41 



ERIC 



37 



and generality (Ausubel and Robinson, 1969) . Highly sali- 
ent key concepts could *be used in the same mannfer aj|^ their 
attention getting property could be applied tcT^Che inst 
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tional process-. Introducing a particularly salient topic 

W 

during a period of flagging student interest has been 
shown to increase instructional efficiency. 

4. The use of the tree structure in planning course 

J ■ 

organization, sequencing, and the evaluation of learning. 
Some professors pointed out that the tree structure, al- 
though it represented their own cognitive structure, would 
be either too complex or instructionally unsuitable for 
use in their classes directly. - The tree structure does, 
hJfever, describe the closest links in the course and does 
show which concepts rely on or are most closely related to 
others. These links can then be used in the preparation 
and sequencing of topics and in establishing the important 
reTationshipe in the course. This is most obvious in 
courses where one or two concepts are pivotal or focal in 
a cluster of other key concepts. Hierarchically organized 
tree structures give even stronger direction in the way 
key concepts are interrelated. It follows that the 
evaluation of student learning should include questions 
about the relationships of key concepts to each other. » 

5. The use of the kinds of relationships between key 
concepts to cue students as to the nature of the' thought 
processes or strategies required to comprehend the course 
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material. Where the majority of relationships are structural 
\j.n nature, students can be instructed to look for simi- 
larities or likenesses among the themes and subtopics in 
the course. Where the relationships are procedural or 
. causal, the appropriate strategies or expectations can be 
pointed out. In the case of logical connections, brief 
introductory attention to logic^ processes would establish 
a "conceptual strategy framework for students. Advance 
notice of the kind of thinking expected of students would 
prove most effective in courses 'in which the relationships 
follow a different pattern from that expected, as occurred 
in the physical chemistry course where the relationships 
were structural instead of the expected causal. 

6. The use of the " similarity groupings as a base for 
topic s'equencing and for student conceptual learning errors 
For example, if students midway through the course are 
asked to sort topics into categories, these can be compared 



with th 



i^^ro 



feasor's sort to determine where student 
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thinking is fuzzy or v>here conceptual links require clari- 
fication. Although it is not suggested that the similarity 
groupings should n.ecessarily determine the course format,- 
the groupings can be used to check coverage of particular 
topics or to raise questions of relationship both for the 
professor and the student. 

7. The use of the relatedness of meaning matrix to 
judge student conceptual coherence. In the same way that 
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the similarity groupings could be matched for consistency 
between the professor's cognitive structure and the stu- 
dents ' , the matrix of meaning would provide an estimate 
of student understanding. It is our intention to pi*rsue 
this- question and to use this method with multi-dimension- 
al scaling to more closely examine the nature of course 
concepts. - The multi-dimensional ' scaling procedure would 



portray the extent and nature of the key concept 'rea^feion- 

ships according to the students. ^ 

« 

8. The use of several measures to discriminate how 
students learn well in a course. " Highly achieving students 
in a course may be those who most closely match the pro- 
fessor's cognitive structure- at the end of the course 
They may be those with greater initial familiarity with 
key concepts in the course or they may be thc^se who 
understand the nature of the relationships amon^- concepts , 
or aome combination of these tendencies. What constitutes 
good learning in a course is perhaps the most important 
outcome that this kind of study could serve for the pro- 
fessor. ■ • 

The implications for departments in their curriculum 
development and quality control require joint responsibi lit; 
and cooperation from department members but could yield 
substantial gains in teaching and learning efficiency. If 
a department curriculum committee has an understanding of 
what concepts are being taught i-n different courses in its 
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programs it can plan a better coordinated program for stu- ^ 
dents. Particularly in programs in which certain courses 
are prerequisite to others or where students complain of 
heavy course loads, this kind of cooperation can lead to 
substantial improvement in the program. An attempt is at 
present being made to analyze the^ first year McQill medical 
curriculum to discover gaps and redundancies in the differ- 
ent gourdes offered. A team of curriculum coordinators 
will use the information being gathered over the course of 
this year to s-treamline and strengthen the- program. The 
.p'rocess of course analysis can also serve to ^ovide stan- 
dards in a department ^bout what should be taught and in' 
what sequence. W^th information about student learning in - 
a course to compare with the professor's structure, adjust- 
ments can be made . across the program .curriculum to increase 
) student learning efficiency. Professors teaching in such 

a cooperative format could then make reference to the 
themes ar important or difficult concepts in one another's 
courses to prepare students or promote the integration of 
their learning. 

• Finally, course cont^t analysis can assist in planning 
and academic programming across the university. The more 
substantive infopn'^tion that a cqurse analysis provides is 
probably of greater ^e in assuring teaching competence 
than pe^ review hl% sWn itself ^c^ be. jBecause the 
university in fact has -thteXcontracI 
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to students it admits, it is in. the university's best inter- 
est to provide for and suppattt course analyses. A sugges- 
tion was made by a McGill professor that this kind of 
analysis might move the university from awarding -credit 
on the basis of the credit-hour, a procedure which many 
deplore, to a basis of credit per concept. This would 
have the effect of awarding credit more for learning than 
for time put in. Would this approach threaten faculty? 
My findings were to the contrary. Professors , are. among 
the most competent of individuals and those with whom I 
worked saw the process of content analysis as a way of 
helping their students and as a resource to themselves. 
The university allows for diver^ity and applauds excellence 
this is /one small way to promote excellence. 
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